The present study is a continuation of our previous work (S.M. Hosseini, J. Moghadasi, M.M. Papari, F. Fadaei Nobandegani, J. Mol. Liq. 160 (2011) 67-71) related to the examination of the ability of the perturbed hardsphere equation of state (EOS) in predicting thermodynamic properties of pure fluid and mixtures.In our previous study, aperturbed hard-sphere equation of state was developed to predict pressure-volume-temperature-composition surfaces of pure and mixturesof ionic liquids (ILs). The present paper aims to extend the model to vapor-liquid equilibria of some binary mixtures consisting of ionic liquids, refrigerants, hydrocarbons, and monatomic fluids. The novelty of the present work is the application ofourperturbed hard-sphere equation of statetomodel the phase equilibria of various mixtures. The outcomes of the computation are compared with the experimental data. Our results demonstrate that this EOS can properly model phase equilibria of fluid mixtures with acceptable accuracies.
INTRODUCTION
The need for anapplicable model for predicting phase equilibria of fluids and fluids mixtures is one of major industrial concern. Measurements are costly and time-consuming. So, it is of vital to have predictive methods to describe thermodynamic properties of pure fluids and their mixtures. Equations of state are important tool in equipment design and have assumed an expanding role in correlating of phase equilibria of fluids. However, most of the EOS suffers from the fact that they fail to represent properties accurately in a vast range of temperature and pressure of operation. In the case of mixtures, thereis somemixing and combining rules that allow an EOS to be developed for mixtures. Accuracy in the prediction of properties of mixtures is one of the major concerns in scientific research and engineering calculations.
In our previous work [1] , a perturbed hard-sphere equation of state (PHS EOS) was developed to model the volumetric properties of ILs and their mixtures.The structure of the PHS EOS will be introduced in the next section. In the present study, the PHS EOS is employed to predict the phase equilibria of several fluid mixtures. The phase equilibria properties in question are the mixture densities, vapor pressures, excess Gibbs free energies and excess molar volumes. The studied mixtures are noble gas mixtures, noble gas + *Address correspondence to this author at the Department of Food Science of Technology, Fasa University, Fasa 74617, Iran; Tel/Fax: +98-711-735 4520; E-mail: fatima_fadaei_84@yahoo.com alkane mixtures, refrigerantmixtures and some mixtures containing ionic liquids. Inthis respect, the density and the excess volumetric properties of fluidmixtures, which depend on the composition and/or temperature that are of great importance in understanding the nature of molecular mixtures aggregation that exists in the binary mixtures, have been determined. The outcomes of the computations are compared with literature data. The results demonstrate that the perturbed hard-sphere EOS is capable of modeling phase equilibria of mixtures accurately.
THEORY
Equation of state in pure frame of the EOS proposed by Hosseini et al. [2, 3] has the following form:
Where P is the pressure, is the number (molar) density, kT is the thermal energy per molecule and is packing fraction defined as:
Eq. (1) has two parts: 1) the Carnahan-Starling expression [4] taken as reference hard-sphere model into account and 2) van derWaals (vdW) attraction term. Several procedures have been proposed to evaluate two temperature-dependent parameters a(T) and b(T) appeared in Eq. (1) [5] [6] [7] [8] . We have determined these parameters from the corresponding statescorrelation.
Thetemperature-dependent parameters of Eq. (1) can be expressed in terms of the following universal functions:
Here c is the critical density, and T r is the reduced temperaturewhich is scaled by the critical temperature T C . We have presented anempirical formula for universal functions, F a (T r ) and F b (T r ) in terms ofthe reduced temperature, which can be written as:
We have used a wide experimental data PVT space to re-parameterize Eqs (5) and (6) . Once the parameters of Eqs (5)- (6) are known, these equations can be applied to pure and binary mixtures of fluids by knowing just their two critical constants T C and C .
EXTENSION OF EQUATION OF STATE TO MIXTURES
The mixture version of Eq. (1) has the following structure:
Where x i and x j are the mole fractions of i'th and j'th components, respectively. is the packing fraction of mixtures of hard sphere which has been taken from Ref. [9] . This parameter is defined by the following expression:
In the case of binary mixtures, the hard-sphere covolumes, b (T) ij are additive according to the following expression:
The attractive forces between two hard-sphere species of mixture including i and j components can be written as follows: (10) In this study, we have applied the following combining rules for T C , C and universalized function F a :
( 1 1 )
Also the excess molar volume, V E and G E of binary mixtures were calculated from the mixture version of Eq. (1).
RESULTS AND DISCUSSION
As already mentioneda PHS EOS was developed in our previous works and applied to several classes of fluids including ionic liquids. Our results showed that the proposed PHS EOS can predict well the volumetric properties of fluids especially ionic liquids. The aim of the present work was to assess the ability of proposed PHS EOS in modeling vapor-liquid equilibria (VLE) of varieties of mixtures. In this regard, several VLE properties of mixtures consisting of molar densities, vapor pressure, excess molar volumes, and excess Gibbs free energy have been calculated. The systems in questions are binary mixtures containing ionic liquids, noble gases, n-alkanes, refrigerants. The input parameters of PHS EOS for pure studied systems have been listed in Table 1 .
Inthe first step, the coefficients Esq. (5) and (6) were obtained for all classes of fluids studied. The numerical values of these parameters have been listed in Table 2 . Then the proposed EOS was employedto perform a comprehensive and extensive comparison of the calculated values of VLE properties for considered mixtures with experimental data over a vast range of temperatures, pressures, and compositions.
Noble Gas Mixtures
We usedthe perturbed hard-sphere equation of state to model phase equilibria of noble gas mixtures. So, the molar densities of mixture 0.485 Ar + 0.515 Kr at several temperatures and different range of pressures were calculated and then compared with experimental data [10] . Further, the molar densities of the mixture He-Xe at several mole fractions, temperatures and pressures were computed and compared with the experimental data [11] . Figure 1 plots the relative deviation (in %) of the calculated molar densities of the aforementioned mixtures in terms of pressure at typically two temperatures for each mole fraction from the literature values [10, 11] . The average absolute deviation (AAD) of our computed densities of two above-cited mixtures from literature ones was found to be of the order of ±2.3%. It should be mentioned that the experimental densities of He-Xe have been measured using Burnett apparatus with accuracies ±0.02% [11] .
Besides, Table 3 displays the excess molar volume and excess Gibbs free energy of mixture 0.485 Ar + 0.515 Kr in terms of pressure at four temperatures. The experimental data [10] and our results are in good agreement. It should be mentioned that the accuracies associated with the experimental Gibbs free energy reported in Ref. [10] is ±2%.
Noble Gas + Alkane Mixtures
The phase behavior of xenon + ethane and xenon + propane mixtures were predicted using the perturbed hard-sphere equation of state and compared with experimental data [12] . Figure 2 plots the calculated and measured [12] vapor pressures of mixtures xenon + ethane and xenon + propane in terms of mole fraction of xenon. It was found that the errors are within ±3%. Also, the excess molar volumes and Gibbs free energy of the studied systems have been computed using the perturbed hard-sphere equation of state and checked against experimental values [12] . The results are listed in Table 4 . It is noticeable that our model is able to reproduce accurately the experimental data and deviate negatively from the Raoult's law.
Refrigerant Mixtures
There have been reported thermodynamic properties for a couple of refrigerant mixtures in literature. In this study we have evaluated the capability of the perturbed hard-sphere equation of state to model the phase behavior of this class of fluids. Three binary mixtures R32+R143a, R134a+R290, and R32+R125, have been typically selected and their VLE properties have been studied using the present EOS. Figure 3 shows the relative deviation (in %) of the calculated saturated liquid densities of mixture xR32 + (1-x) R143a at x=0.0, x=0.502, and x=0.749 and also mixture xR134a + (1-x) R290 at x=0.25, 0.5, 0.6, 0.78, at different temperatures, from the experimental data reported by Widiatmo et al. [13] and by Naganuma et al. [14] , respectively. It should be mentioned that the accuracies of the measured densities values for R32+R143a mixture as claimed by Widiamto et al. [13] using magnetic densitometer coupled with a variable cell are ±0.3% and for R134a+R290 mixture using constant volume method coupled with expansion procedure as reported by Naganuma et al. [14] are ±0.085%. As the Figure 3 shows, the deviations of the calculated densities fall within ±2.5%.
Moreover, a comparison has been made for the calculated vapor pressure of R32+R125 refrigerant mixture in terms of temperature with those reported from the measurement [15] in Figure 4 . The experimental temperature ranges from 290 to about 340K and the mass fractions of R32 are 25, 50, and 75%. The estimated measurements uncertainty for the vapor pressure reported by Weber [15] is ±0.03%. As the Figure 4 shows deviations of the calculated vapor pressure from those reported in Ref. [15] are not larger than ±1.4%.
Further, the deviation plots of this property for CO 2 +R134a, propane+C 32 H 66 , and benzene+C 14 H 30 mixtures in terms of mole fraction at different temperatures have been shown in Figures 5-7 , respectively. The experimental values of the vapor pressure for benzene+C 14 H 30 (tetradecane) mixture were taken from Ref. [18] . The estimated measurement uncertainties of the vapor pressure are ±0.04% for CO 2 +R134a, 0.06 MPa for propane+C 32 H 66 , and ±1% for benzene+C 14 H 30 . It should be mentioned that the phase equilibria measurements were carried out for propane+C 32 H 66 in the region 378-408 K and mass fractions from 0.015 to 0.55. The deviations of the calculated vapor pressure from the experiment [16] [17] [18] are to within ±2%. It is of important to mention that ability of the perturbed hard-sphere equation of state in modeling the vapor pressure of mixture propane and long chain alkane dotriacontane (C 32 H 66 ) at temperature 408.2 K and various mole fractions is remarkable.
The perturbed hard-sphere equation of state has further been checked by extending the calculations to excess molar volumes and Gibbs free energy of toluene with n-pantane, n-hexane, n-heptane, noctane, n-nonane, and n-decane. The calculated excess molar volumes and Gibbs free energy have been compared with experimental values [19] . The AAD of the results are listed in Table 5 .
Mixtures Containing Ionic Liquids (ILs)
It is desirable to extend our study to new organic solvents known as ionic liquids. These fluids have recently received much attention from theoretical and experimental point of view. Figures 8-10 [18] . These authors have claimed that the experimental vapor pressures are reliable to within ±1%.
Furthermore, Figure 11 shows the deviation plot of the calculated vapor pressure at T=353.15 K from the experimental data [20] in Figure 11 . In general, from the Figures 8-11 , it is obvious that the accuracies of our calculations are to within ±2.5%.
Finally, Figure 12 depicts [21] . Further, Figure 13 shows the density deviation of mixture H 2 
